LIQUID INJECTION SYSTEM FOR DETECTING WHEN PISTON PUSHER 
OF LIQUID INJECTOR GRIPS PISTON FLANGE OF LIQUID SYRINGE 



BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

The present invention relates to a liquid injection system for in- 
jecting a liquid from a liquid syringe into a subject with a liquid injector, and 
more particularly to a liquid injection system for individually holding and rela- 
tively moving a cylinder and a piston of a liquid syringe with a liquid injector. 
10 2. Description of the Related Art: 

Imaging diagnostic apparatus for capturing tomographic images 
as fluoroscopic images of subjects include CT (Computed Tomography) appa- 
ratus, MRI (Magnetic Resonance Imaging) apparatus, and PET (Positron 
Emission Tomography) apparatus. Medical apparatus for capturing blood ves- 
15 sel images as fluoroscopic images of subjects include CTA (CT Angiography) 
apparatus, MRA (MR Angiography) apparatus, and ultrasonograph. 

When such an imaging diagnostic apparatus is used to capture 
a tomographic image of a subject, it is occasionally necessary to inject a liquid 
such as a contrast medium or a saline solution into the subject. There has 
20 been put to practical use a liquid injector for automatically injecting a liquid into 
a subject. Such a liquid injector has a drive motor and a slider mechanism, and 
employs a liquid syringe that is removably mounted. 

One conventional liquid injector will be described below with ref- 
erence to Figs. 1 and 2 of the accompanying drawings. As shown in Fig. 1 , 
25 conventional liquid injector 20 employs two liquid syringes 10 each comprising 
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single cylinder 1 1 and single piston 12. Cylinder 1 1 has hole 13 defined 
therein which is open at an end face thereof. 

The end face of cylinder 1 1 is closed with central hollow conduit 
14 mounted thereon, and hole 13 communicates with the tip end of conduit 14. 
5 Piston 12 is slidably inserted in hole 13 in cylinder 1 1 . Cylinder 1 1 and piston 
12 have cylinder flange 15 and piston flange 16 respectively on and around 
their ends remote from conduit 14. 

Liquid injector 20 has single injection head 21 serving as a cyl- 
inder gripping mechanism and two piston actuating mechanisms 22. Single in- 
10 jection head 21 has two recesses 23 defined therein for individually holding cyl- 
inders 11 of two liquid syringes 10. Two piston actuating mechanisms 22 are 
disposed respectively behind two recesses 23 for holding and sliding respec- 
tive pistons 12 of liquid syringes 10. 

More specifically, as shown in Fig. 2, each of piston actuating 
15 mechanisms 22 has slide rod 25 which is slidable back and forth and piston 

pusher 26 integrally formed with the front end of slide rod 25 for pushing piston 
12 forward ly. 

Each of piston actuating mechanisms 22 also has a pair of 
openable and closable engaging claws 27 mounted respectively on left and 

2 0 right sides of piston pusher 26. Engaging claws 27 are normally resiliently 

urged in a closing direction by respective resilient mechanisms such as helical 
springs. Engaging claws 27 have wedge-shaped distal ends for individually 
engaging left and right front edges of piston flange 16 when piston pusher 26 is 
pushed against piston 12 from the rear position. 

25 Since conventional liquid injector 20 can inject two liquids from 

respective two liquid syringes 10 into a subject, it can inject a contrast medium, 
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for example, into a subject who is to be imaged to capture a tomographic im- 
age with a CT scanner, and then inject a saline solution, for example, into the 
subject. 

Conventional liquid injector 20 has its piston actuating mecha- 
5 nisms 22 positioned in a rear position in an initial state. After setting liquid sy- 
ringes 10 in respective recesses 23, the operator makes an action to instruct 
liquid injector 20 to start injecting liquids into a subject. Piston pusher 26 of 
each piston actuating mechanism 22 is now moved forwardly. 

When piston pusher 26 is pushed against piston 1 2, engaging 
10 claws 27 which have been resiliently brought into the closed position are 

pressed by piston flange 16 and progressively opened. As piston pusher 26 is 
moved further forwardly, engaging claws 27 engage the respective left and 
right front edges of piston flange 16, thus holding piston 1 2 with piston pusher 
26. Since piston 1 2 is continuously pressed by piston actuating mechanism 22, 
15 the liquid is injected from liquid syringe 10 into the subject. 

Because piston flange 16 is gripped by engaging claws 27 of 
piston pusher 26 as described above, when the operator makes a certain ac- 
tion if necessary, piston pusher 26 can be retracted to pull piston 12 out of cyl- 
inder 11. 

2 0 According to IEC (International Electrotechnical Commission) 

regulations about the safety of medical electric apparatus, it is required that pis- 
ton pusher 26 of liquid injector 20 hold piston 12 of liquid syringe 10. 

Liquid injectors of the type described above have been devised 
and applied for patent by the applicant of the present application (see, for ex- 

25 ample, patent documents 1 , 2 below). 
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Patent document 1 : Japanese laid-open patent publication No. 

2002-11096; 

Patent document 2: Japanese laid-open patent publication No. 

2002-102343. 

5 With above liquid injector 20, when piston pusher 26 presses 

piston 12 of liquid syringe 10, piston flange 16 is automatically gripped by en- 
gaging claws 27. However, the operator is required to visually confirm whether 
piston flange 16 has been gripped by engaging claws 27 or not. 

If the operator fails to confirm the gripped engagement, then pis- 

10 ton 12 may possibly be pushed by piston pusher 26 while piston flange 16 is 
not being gripped by engaging claws 27. For example, if liquid syringe 10 is 
not installed in proper position, then since piston 12 and piston pusher 26 are 
not in accurate central alignment with each other, the tip end faces of engaging 
claws 27 are held against the rear surface of piston flange 16, so that engaging 

15 claws 27 may not grip piston flange 16. 

Furthermore, when piston 12 of liquid syringe 10 is pushed by 
piston pusher 26, piston flange 16 is gripped by engaging claws 27. Therefore, 
it is difficult for engaging claws 27 to grip piston flange 16 without having liquid 
syringe 10 discharges the liquid from cylinder 1 1 . 

20 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a liq- 
uid injection system which is capable of detecting when a piston flange of a pis- 
ton of a liquid syringe is gripped by engaging claws of a piston pusher of a liq- 
25 uid injector. 
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A liquid injection system according to the present invention has 
a liquid syringe and a liquid injector. The liquid syringe has a cylinder and a 
piston. The cylinder has a cylinder flange disposed on and around an end 
thereof, and the piston has a piston flange disposed on and around an end 
5 thereof. The piston is slidably inserted in the cylinder. 

The liquid injector comprises a cylinder gripping mechanism, a 
piston pusher, a pair of engaging claws, and a gripping detecting means. The 
cylinder gripping mechanism grips the cylinder such that the cylinder has a lon- 
gitudinal direction oriented forwardly and rearwardly. The piston pusher is 

10 supported slidably in forward and rearward directions for pushing the piston at 
least forwardly. 

The engaging claws are laterally openably and closably 
mounted on the piston pusher for individually engaging left and right edges of a 
front face of the piston flange. The gripping detecting means detects when the 

15 piston flange is gripped by the engaging claws. After the piston flange of the 

piston is detected as being gripped by the engaging claws of the piston pusher, 
the liquid injector moves the cylinder flange and the piston flange relatively to 
each other to inject a liquid from the liquid syringe into a subject or draws a liq- 
uid from a liquid reservoir tank into the cylinder. 

20 In the liquid injection system, the liquid injector which grips the 

cylinder with the engaging claws and presses the piston with the piston pusher 
can detect when the piston flange is gripped by the engaging claws. Therefore, 
the piston pusher is prevented from being actuated when the piston flange is 
not gripped by the engaging claws, for example. 

25 The various means referred to in the present invention may be 

arranged to perform their stated functions, and may be implemented by dedi- 
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cated pieces of hardware for performing the functions, data processing appa- 
ratus for performing the functions according to computer programs, functions 
achieved in data processing apparatus according to computer programs, or 
combinations thereof. 
5 The various means referred to in the present invention are not 

required to be individually independent entities, and may be arranged such that 
a plurality of means may be constructed as a single apparatus, a certain means 
may be part of another means, or part of a certain means and part of another 
means overlap each other. 

10 The terms used herein to describe directions, e.g., forwardly, 

rearwardly, left, right, vertically, etc., are merely employed for the purpose of 
clarifying the relative relationship of such directions, and should not be inter- 
preted as being limitative with respect to directions at the time the apparatus 
according to the present invention are manufactured and used. 

15 The above and other objects, features, and advantages of the 

present invention will become apparent from the following description with ref- 
erence to the accompanying drawings which illustrate examples of the present 
invention. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a conventional liquid injector, 
showing the manner in which liquid syringes are set on the liquid injector; 

Fig. 2 is a perspective view of a liquid syringe and a piston 
pusher of the conventional liquid injector; 
2 5 Figs. 3a and 3b are fragmentary perspective views of a piston 

pusher of a liquid injector according to an embodiment of the present invention; 



6 



Figs. 4a and 4b are perspective views showing the manner in 
which a liquid syringe is set on an injection head of the liquid injector according 
to the embodiment of the present invention; 

Fig. 5 is a perspective view of the liquid injector according to the 
5 embodiment of the present invention; 

Fig. 6 is a perspective view of a CT scanner as an imaging diag- 
nostic apparatus; 

Fig. 7 is a block diagram of an electric circuit arrangement of the 
liquid injector according to the embodiment of the present invention; 
10 Fig. 8 is a flowchart of a processing sequence of the liquid injec- 

tor according to the embodiment of the present invention; 

Fig. 9 is a sectional plan view of a piston pusher according to a 
first modification of the present invention; 

Fig. 10 is a sectional plan view of an internal structure of a 
15 switch device as a gripping detecting means according to the first modification; 

Fig. 1 1 is a sectional plan view of an internal structure of a 
switch device according to a second modification of the present invention; 

Figs. 12a and 12b are sectional plan views of internal structures 
of switch devices according to third and fourth modifications, respectively, of 
2 0 the present invention; 

Fig. 13 is a sectional plan view of a piston pusher according to a 
fifth modification of the present invention; 

Fig. 14 is a sectional plan view of a piston pusher according to a 
sixth modification of the present invention; 
25 Fig. 15 is a sectional plan view of a piston pusher according to a 

seventh modification of the present invention; 
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Fig. 16 is a sectional plan view of a piston pusher according to 
an eighth modification of the present invention; 

Fig. 1 7 is a sectional plan view of a piston pusher according to a 
ninth modification of the present invention; 
5 Fig. 1 8 is a sectional plan view of a piston pusher according to a 

tenth modification of the present invention; 

Fig. 19 is a sectional plan view of a piston pusher according to 
an eleventh modification of the present invention; 

Fig. 20 is a sectional plan view of a piston pusher according to a 
1 0 twelfth modification of the present invention; 

Fig. 21 is a sectional plan view of a piston pusher according to a 
thirteenth modification of the present invention; 

Fig. 22 is a sectional plan view of a piston pusher according to a 
fourteenth modification of the present invention; and 
15 Fig. 23 is a sectional plan view of a piston pusher according to a 

fifteenth modification of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A liquid injector according to an embodiment of the present in- 
2 0 vention will be described below with reference to Figs. 3a, 3b through 8. As 
shown in Fig. 5, a liquid injector 100 according to an embodiment of the pre- 
sent invention has main body 103 mounted on the upper end of stand 102. 
Main body 103 supports thereon console panel 104 as an input operation de- 
vice and liquid crystal display 105 as a data display device. 
25 Arm 106 is vertically mounted on a side wall of main body 103, 

and injection head 1 10 as a cylinder gripping mechanism is mounted on the 
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upper end of arm 106. As shown in Figs. 4a and 4b, injection head 110 has 
single recess 112 defined in an upper surface thereof. Cylinder 201 of liquid 
syringe 220 is removably held in recess 112. 

Liquid syringe 200 comprises cylinder 201 and piston 202 
5 slidably inserted in cylinder 201 . Cylinder flange 203 is disposed on and 
around an end of cylinder 201 , and piston flange 204 is disposed on and 
around an end of piston 202. Liquid injector 100 and liquid syringe 200 jointly 
make up a liquid injection system. 

Piston actuating mechanism 120 is disposed behind recess 1 12 
10 in injection head 110. Piston actuating mechanism 120 has drive motor 121 

(see Fig. 7) such as an ultrasonic motor or the like for sliding slide rod 122 (see 
Fig. 3b) back and forth through a screw mechanism (not shown) or the like. 

As shown in Fig. 7, piston actuating mechanism 120 also has 
front stroke end sensor 123 and rear stroke end sensor 124. Front stroke end 
15 sensor 1 23 detects when slide rod 1 22 reaches a front end of its stroke, and 
rear stroke end sensor 1 24 detects when slide rod 1 22 reaches a rear end of 
its stroke. 

As shown in Figs. 3a and 3b, piston actuating mechanism 120 
has piston pusher 126 integrally formed with the front end of slide rod 122, and 
20 a pair of openable and closable engaging claws 127 mounted respectively on 
left and right sides of piston pusher 126. Engaging claws 127 have wedge- 
shaped distal ends and are normally resiliently urged in a closing direction by 
respective resilient mechanisms such as helical springs. 

Forwardly projecting guide 128 is integrally formed with a lower 
2 5 portion of piston pusher 1 26. Guide 1 28 has an upper surface which is of a 
conical shape slightly converging from its front end toward rear end. When 
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guide 1 28 engages an outer circumferential surface of piston flange 204 as it 
is displaced relatively toward the front face of piston pusher 1 26, guide 1 28 
guides piston flange 204 to an appropriate position with respect to piston 
pusher 126. 

5 Piston pusher 126 has an annular recess 1 29 defined in the 

front face thereof. Sheet switch 130 serving as a gripping detecting means is 
mounted in recess 129. Sheet switch 130 comprises sheet board 131 , switch 
sheet 132, and rubber cover 133. Four microswitches 135 are disposed on 
switch sheet 1 32. 

10 Microswitches 135 are interconnected by a printed circuit board 

(not shown), and connected by wiring cable 136 to processor unit 140 (Fig. 7) 
through an A/D (Analog/Digital) converter (not shown). 

In liquid injector 100 according to the present embodiment, 
sheet switch 130 detects when piston flange 204 is gripped by engaging claws 

15 1 27 at the time microswitches 1 35 detect the rear face of piston 202 as it is 
pushed against the front face of piston pusher 1 26. 

Therefore, the shape of piston flange 204, the shape of engag- 
ing claws 127, the shape of piston pusher 126, and the stroke of sheet switch 
130 are adjusted such that sheet switch 130 detects piston 202 as it is pushed 

2 0 against piston pusher 126 when piston flange 204 is gripped by engaging claws 
127. 

Piston actuating mechanism 120 has load cell 138 in the junc- 
tion between piston pusher 126 and slide rod 122 for detecting the pressure 
under which piston pusher 126 presses piston 202. 
25 As shown in Fig. 7, liquid injector 100 has processor unit 140 

connected to console panel 104, liquid crystal display 105, drive motor 121, 
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front stroke end sensor 123, rear stroke end sensor 124, sheet switch 130, 
load cell 138, etc. 

Processor unit 140 comprises a so-called one-chip microcom- 
puter, and has a suitable computer program installed in the form of firmware. 
5 Processor unit 140 operates according to the installed computer program for 
controlling the various components connected thereto. 

As shown in Fig. 6, liquid injector 100 is positioned near CT 
scanner 300 which serves as an imaging diagnostic apparatus. Liquid injector 
100 injects a contrast medium as a liquid into a subject who is to be imaged by 
10 CT scanner 300. CT scanner 300 has imaging unit 301 and control unit 302 
which is connected on-line to liquid injector 100. 

For using liquid injector 100, as shown in Fig. 6, the operator 
(not shown) positions liquid injector 100 near CT scanner 300, and connects 
liquid syringe 200 to the subject who is positioned in imaging unit 301 with an 
15 extension tube (not shown). 

The operator then places cylinder 201 of liquid syringe 200 in 
recess 1 12 of injection head 110, and makes an input action on console panel 
104 to instruct liquid injector 100 to grip piston 202. When liquid injector 100 is 
in its initial state, piston pusher 126 of piston actuating mechanism 120 is posi- 
20 tioned in a rear stroke end that is detected by rear stroke end sensor 1 24 in 
step S1 . When liquid injector 100 is instructed to grip piston 202 in step S2, 
drive motor 121 is energized to move piston pusher 126 forwardly in step S3. 

As piston pusher 126 is moved forwardly, it is pushed against 
piston 202 from behind piston 202, causing engaging claws 127 that are resil- 
2 5 iently closed to be progressively opened by pressed contact with piston flange 
204. Upon further forward movement of piston pusher 126, engaging claws 
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127 engage respective opposite edges of piston flange 204, so that piston 
pusher 126 grips piston 202. 

When piston pusher 1 26 is pushed against piston 202 from be- 
hind piston 202, even if piston 202 is not properly located with respect to piston 
pusher 126, guide 128 engages the outer circumferential surface of piston 
flange 204 and forcibly guides piston flange 204 into an appropriate position 
where piston flange 204 can be gripped by engaging claws 127. 

When piston flange 204 is thus gripped by engaging claws 127, 
the rear face of piston 202 is pressed against sheet switch 130, which detects 
the pressed contact by piston 202 in step S6. Then, drive motor 121 is de- 
energized to stop moving piston pusher 126 in step S7. Liquid injector 100 is 
now kept in a state where piston flange 204 of piston 202 of liquid syringe 200 
is gripped by engaging claws 127 of piston pusher 126 of piston actuating 
mechanism 120. 

If sheet switch 1 30 does not detect the pressed contact by pis- 
ton 202, but front stroke end sensor 1 23 detects when piston pusher 126 has 
moved to its front stroke end in steps S6, S4, then it means that liquid syringe 
200 is not set in recess 1 1 2 of injection head 1 1 0. 

At this time, liquid injector 100 displays a guidance message 
such as "SYRINGE NOT DETECTED, CONFIRM IF SYRINGE IS NORMALLY 
SET OR NOT" on liquid crystal display 105 in step S12, indicating to the opera- 
tor that liquid syringe 200 is not set in place. 

If piston pusher 126 presses piston 202 without engaging claws 
127 gripping piston flange 204 and, then the pressure applied by piston pusher 
126 is detected by load cell 138 in step S5. In this case, liquid injector 100 de- 
energizes drive motor 121 in step S1 1 , and displays a guidance message such 



12 



as "PISTON NOT GRIPPED, REPEAT AGAIN FROM START" on liquid crys- 
tal display 105 in step S12, indicating to the operator that piston 202 has failed 
to be gripped. 

If engaging claws 127 grip piston flange 204 and piston pusher 
5 126 is stopped in steps S6, S7, then liquid injector 100 displays a guidance 
message such as "PISTON GRIPPING COMPLETED, INJECTION WILL BE 
STARTED WHEN xx KEY IS PRESSED" on liquid crystal display 105 in step 
S8, indicating to the operator that the gripping of piston 202 is completed. 

If the operator makes an input action on console panel 1 04 to 
10 instruct liquid injector 100 to start injecting the liquid in step S9, then drive mo- 
tor 121 is energized again to move piston pusher 126 forwardly, thus carrying 
out a process of injecting the liquid into the subject in the same manner as with 
conventional in step S10. 

In the injecting process, the pressure under which the liquid is 
15 injected into the subject is calculated at all times from the pressure detected by 
the load cell 138. If the calculated injecting pressure falls out of a predeter- 
mined allowable range, then liquid injector 100 de-energizes drive motor 121 
and displays an error guidance message on liquid crystal display 105. 

When the operator makes an input action on console panel 104 
2 0 to perform a liquid suction process while liquid syringe 200 is being connected 
to an external liquid reservoir tank (not shown), liquid injector 100 reverses 
drive motor 121 to retract piston pusher 126 for drawing a liquid from the exter- 
nal liquid reservoir tank into the liquid syringe 200. 

With liquid injector 100 according to the present embodiment, 
25 when cylinder 201 of liquid syringe 200 is held by injection head 110 and piston 
202 is pushed by piston pusher 126, sheet switch 130 detects the gripping of 
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piston flange 204 with engaging claws 127. Therefore, piston pusher 126 is 
prevented from pushing piston 202 while piston flange 204 is not being gripped 
by engaging claws 1 27. 

Particularly, when piston 202 is pushed by piston pusher 126, 
5 the pressure imposed on piston pusher 126 is monitored by load cell 138. If 
load cell 138 detects an abnormal pressure without sheet switch 130 detecting 
the pressed contact by piston flange 204, liquid injector 100 stops moving pis- 
ton pusher 126. Accordingly, piston pusher 126 is automatically and reliably 
prevented from pushing piston 202 while piston flange 204 is not being gripped 

10 by engaging claws 1 27. 

The gripping of piston flange 204 with engaging claws 1 27 is de- 
tected when sheet switch 130 disposed on the front face of piston pusher 126 
is pushed by the rear face of piston 202. Thus, the gripping of piston flange 
204 with engaging claws 127 is detected well by a simple structure. 

15 With such a detecting structure, the detecting accuracy of sheet 

switch 130 is lowered if the rear face of piston 202 is brought into proper abut- 
ment against the front face of piston pusher 1 26. Liquid injector 1 00 according 
to the present embodiment keeps the detecting accuracy of sheet switch 130 at 
a high level because guide 128 of piston pusher 126 guides piston flange 204 

20 into an appropriate position for reliable contact with piston pusher 1 26. 

With the liquid injection system according to the present inven- 
tion, the mechanism for detecting when piston flange 204 is gripped by engag- 
ing claws 127 is contained in liquid injector 100 themselves. Therefore, liquid 
syringe 200 is not required to incorporate a special design for detecting the 

2 5 gripping of piston flange 204, but may be in the form of a commercially avail- 
able product. 
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The present invention is not limited to the above embodiment, 
but various changes and modifications may be made therein without departing 
from the scope thereof. For example, while illustrated liquid injector 100 allows 
single liquid syringe 200 to be set on injection head 110, the present invention 
5 is also applicable to a liquid injector (not shown) capable of holding a plurality 
of liquid syringes 200 on the injection head. 

In the illustrated embodiment, sheet switch 130 disposed on the 
front face of piston pusher 1 26 detects whether piston 202 is pushed by piston 
pusher 126 or not based on a binary signal. However, the pressure under 
10 which piston 202 is pushed by piston pusher 126 may be detected in an analog 
fashion by a sheet sensor (not shown). 

In illustrated embodiment, sheet switch 130 which is dedicated 
as the gripping detecting means is disposed on the front face of piston pusher 
126. However, as shown in Fig. 9, commercially available switch device 402 or 
15 sensor device (not shown) may be mounted as a gripping detecting means on 
the front face of piston pusher 401 . 

As shown in Fig. 10, switch device 402 comprises switch casing 
403 as a member support means, displacement detecting member 404, helical 
spring 405 as a member biasing means, and a pair of electrode terminals 406, 
2 0 407 as a retraction detecting means. Displacement detecting member 404 

against which the rear face of piston 202 is supported by switch casing 404 for 
forward and rearward movement, and is normally biased to move forwardly by 
helical spring 405. 

Electrode terminals 406, 407 are spaced from, but confront, 
25 each other in the forward and rearward directions. Displacement detecting 

member 404 has arm 408 projecting from a rear surface thereof in facing rela- 
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tion to front electrode terminal 406. When displacement detecting member 
404 is retracted to a predetermined position, arm 408 pushes electrode termi- 
nal 406 into contact with electrode terminal 407, whereupon electrode terminals 
406, 407 are short-circuited. In a liquid injector (not shown) which incorporates 
5 above switch device 204 mounted on piston pusher 401 , the gripping of piston 
flange 204 with engaging claws 127 can be detected by a simple structure that 
comprises commercially available components. 

In the illustrated embodiment, guide 128 projects forwardly from 
the lower portion of piston pusher 126 for guiding piston flange 204 to the ap- 
10 propriate position. However, a convex and a concave may be provided as a 
guide mechanism on the rear face of the piston and the front face of the piston 
pusher. 

Such a convex/concave structure as a guide mechanism may be 
combined with switch device 402 shown in Fig. 10. Specifically, as shown in 
15 Fig. 1 1 , convex 21 2 is formed centrally on the rear face of piston 21 1 , and con- 
cave 412 is defined centrally in the front face of piston pusher 41 1 , with switch 
device 402 disposed in concave 41 2. 

The convex/concave structure can guide piston 211 to an ap- 
propriate position with respect to piston pusher 41 1 , so that switch device 402 
20 can reliably be operated using the convex/concave structure as the guide 

mechanism. For guiding piston 21 1 to an appropriate position with respect to 
piston pusher 41 1 , each of convex 21 2 and concave 412 should preferably be 
of a conically tapered shape. 

As shown in Fig. 12(a), a concave 222 may be defined centrally 
2 5 in the rear face of piston 221 , and switch device 402 may be disposed as a 

convex centrally on the front face of piston pusher 421 . Alternatively, as shown 
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in Fig. 12(b), switch device 402 may be mounted centrally on the front face of 
piston pusher 422 with displacement detecting member 404 provided as a con- 
vex. 

In switch device 402 shown as the gripping detecting means in 
5 Fig. 1 0, electrode terminals 406, 407 that are spaced from each other serve as 
the retraction detecting means and are short-circuited when displacement de- 
tecting member 404 is retracted. The arrangement shown in Fig. 10 may be 
modified in various ways. 

For example, Fig. 13 shows switch device 431 having a pair of 

10 electrode terminals 432, 433 mounted as a retraction detecting means on 

switch casing 403 and resiliently held in a short-circuited position. Electrode 
terminals 432, 433 are separable from each other when arm 408 of displace- 
ment detecting member 404 is forced in between electrode terminals 432, 433 
as displacement detecting member 404 is retracted. 

15 Fig. 14 shows switch device 491 having a pair of electrode ter- 

minals 493, 494 mounted as a retraction detecting means on a rear face of a 
front panel of switch casing 492, and electrically conductive displacement de- 
tecting member 495 short-circuited to electrode terminals 493, 494. When dis- 
placement detecting member 495 is retracted, it is spaced from electrode ter- 

20 minals 493, 494. 

Fig. 15 shows switch device 441 having electrically conductive 
member 443 mounted on a rear face of displacement detecting member 442, 
and a pair of electrode terminals 444, 445 that are horizontally or vertically 
spaced from each other. Electrode terminals 444, 445 are short-circuited to 

25 each other by electrically conductive member 443 when displacement detecting 
member 442 is retracted. 



17 



Fig. 16 shows switch device 451 having reflecting plate 453 
mounted on a rear face of displacement detecting member 452, and optical 
range finder 454 mounted as a wave range finder device on switch casing 403. 
Optical range finder 454 optically measures the distance up to reflecting plate 
5 453 with a wave such as visible light or infrared rays. 

If the rear face of displacement detecting member 452 functions 
as a good reflecting surface, then reflecting plate 453 may be dispensed with. 
Furthermore, optical range finder 454 may be replaced with an ultrasonic range 
finder as a wave range finder device, and the distance up to displacement de- 

10 tecting member 452 may be measured by the ultrasonic range finder using an 
ultrasonic energy as a wave. 

Fig. 17 shows switch device 461 having light-emitting element 
462 for emitting a collimated light beam such as a laser beam at a predeter- 
mined angle, and light-detecting element 463 for detecting a light beam applied 

15 at a predetermined angle, light-emitting element 462 and light-detecting ele- 
ment 463 being mounted on switch casing 403. When displacement detecting 
member 452 is retracted to a predetermined position, a light beam emitted from 
light-emitting element 462 and reflected by reflecting plate 453 is applied to 
light-detecting element 463. 

2 0 Fig. 18 shows switch device 471 having light-emitting element 

472 and light-detecting element 473 which are mounted on switch casing 403 
in confronting relation to each other. A light beam emitted from light-emitting 
element 472 and applied to light-detecting element 473 is interrupted by arm 
408 of displacement detecting member 404 when displacement detecting 

2 5 member 404 is retracted. 



Fig. 19 shows switch device 481 having magnet 483 mounted 
on a rear face of displacement detecting member 482, and Hall device 484 
mounted on switch casing 403 for detecting magnet 483. In each of the above 
switch devices, the components positioned on the displacement detecting 
5 member and the components positioned on the switch casing may be switched 
around, e.g., convex 208 may be disposed on switch casing 403, and electrode 
terminals 406, 407 may be mounted on displacement detecting member 404. 

Since each of the above switch devices is capable of detecting 
when the displacement detecting member is retracted to a predetermined posi- 
10 tion, it can detect when piston 202 of existing liquid syringe 200 which are not 
specially designed is pressed. The internal structure of each of the above 
switch devices may be incorporated in piston 202 of liquid syringe 200 and pis- 
ton pusher 1 26. 

For example, arm 408 of switch device 402 shown in Fig. 10 
15 may be disposed on the rear face of piston 202, and electrode terminals 406, 
407 may be disposed on the front face of piston pusher 126. Electrode termi- 
nals 432, 433 shown in Fig. 13 may be disposed on the front face of piston 
pusher 126. 

Electrically conductive member 443 shown in Fig. 15 may be 
20 disposed on the rear face of piston 202, and electrode terminals 444, 445 may 
be disposed on the front face of piston pusher 126. Reflecting plate 453 shown 
in Fig. 16 may be disposed on the rear face of piston 202, and optical range 
finder 454 or light-emitting and -detecting elements 462, 463 shown in Fig. 17 
may be disposed on the front face of piston pusher 126. 
2 5 Arm 408 shown in Fig. 1 8 may be disposed on the rear face of 

piston 202, and light-emitting and -detecting elements 472, 473 may be dis- 
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posed on the front face of piston pusher 126. Magnet 483 shown in Fig. 19 
may be disposed on the rear face of piston 202, and Hall device 484 may be 
disposed on the front face of piston pusher 126. 

If electrode terminals 444, 445 exposed on the front face of pis- 
5 ton pusher 1 26 poses a problem, then, as shown in Fig. 1 1 , electrode terminals 
444, 445 may be disposed in concave 412 in piston pusher 126. 

In the above embodiment, sheet switch 130 which is a dedicated 
piece of hardware as the gripping detecting means is disposed on the front 
face of piston pusher 126. However, the gripping detecting means may be im- 
10 plemented by a change of software without the need for a change in existing 
hardware. 

For example, as shown in Fig. 20, liquid injector 100 has load 
cell 138 disposed in the junction between piston pusher 126 and slide rod 122 
for detecting an abnormal pressure of the liquid being injected. Since the pres- 

15 sure detected by load cell 138 changes even when engaging claws 127 abut 
against and then grip piston flange 204 upon forward movement of piston 
pusher 126, it is possible to detect when engaging claws 127 grip piston flange 
204 from the change in the pressure. 

For better detecting accuracy, it is preferable to store data rep- 

2 0 resentative of a pattern of pressure changes which occur after engaging claws 
127 abut against piston flange 204 until engaging claws 127 grip piston flange 
204, and to carry out a pattern recognition process on changes in the pressure 
detected by load cell 138 based on the stored data for thereby detecting when 
engaging claws 127 grip piston flange 204. 

25 Alternatively, a pattern of pressure changes detected by load 

cell 138 may be displayed as a chronological graph in real-time on liquid crystal 
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display 105 for enabling the operator to visually confirm the gripping of piston 
flange 204 with engaging claws 127. 

While the liquid is being injected into the subject, pressure 
changes may be displayed to enable the operator to confirm an abnormal pres- 
5 sure buildup. A small-size display panel (not shown) dedicated to the display 
of such pressure changes may be positioned next to injection head 1 1 0 for bet- 
ter operation of the liquid injection system. 

In the illustrated embodiment, in order to detect the gripping of 
piston flange 204 with engaging claws 127, sheet switch 130 serving as the 
10 gripping detecting means detects when the rear face of piston 22 is pushed 
against the front face of piston pusher 1 26. 

However, as shown in Fig. 21 , piston pusher 501 may have a 
pair of switch devices 502 disposed as a gripping detecting means on respec- 
tive outer sides. Switch devices 502 detect when engaging claws 127 are 
15 opened from the initial closed position into opposite sides and then closed, thus 
detecting the gripping of piston flange 204 with engaging claws 127. 

For better detecting accuracy, if switch devices 502 detects only 
the opening and closing of engaging claws 1 27 with a binary signal, then it is 
preferable to store data representing a period of time that elapses from the 
2 0 opening of engaging claws 127 to the closing of engaging claws 127, and to 
compare the stored data with a detecting time of switch devices 502. 

Each of switch devices 502 may be of the same structure as 
sheet switch 130 or switch device 402. For example, each of switch devices 
502 may be replaced with an analog sensor device (not shown). 
2 5 Such an analog sensor device can detect the opening and clos- 

ing operation of engaging claws 127 in an analog fashion. Therefore, data rep- 
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resenting a pattern of changes in the opening and closing movement of en- 
gaging claws 127 may be stored, and the action of engaging claws 127 as they 
are opened from the initial closed position into opposite sides and then closed 
may reliably be detected according to a pattern recognition process based on 
5 the stored data. 

Further alternatively, as shown in Fig. 22, switch devices 51 1 , 
each comprising a number of sheet-like touch switches mounted in succession 
on a tape, may be disposed as a gripping detecting means on both sides of pis- 
ton pusher 126 for detecting when engaging claws 127 are opened and closed. 

10 Switch devices 51 1 are capable of detecting when they are 

pressed at any position thereon in the longitudinal direction thereof. Therefore, 
switch devices 51 1 can detect when piston pusher 126 grips piston 202 in dif- 
ferent positions along the longitudinal direction of switch devices 51 1 . The ar- 
rangement shown in Fig. 22 is relatively simple and can be manufactured with 

15 ease because no gripping detecting means needs to be added to piston pusher 
1 26 which is a movable mechanism. "Tape switch" (registered trade mark) 
manufactured by Tokyo Sensor CO., LTD. may be used as such switch devices 
51 1 , for example. 

As shown in Fig. 23, a pair of light-emitting elements 521 may 

20 be disposed in respective positions where they emit light beams along paths 
that can be interrupted by engaging claws 127 as they are opened, and a pair 
of light-detecting elements 522 may be disposed in respective positions where 
they detect light beams emitted from respective light-emitting elements 521 
along the paths that are not interrupted by engaging claws 1 27. Light-emitting 

25 elements 521 and light-detecting elements 522 are effective to detect engaging 
claws 127 as they are opened and closed. 
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The arrangement shown in Fig. 23 is also capable of detecting 
when piston pusher 1 26 grips piston 202 in different positions along the longi- 
tudinal direction, and is relatively simple and can be manufactured with ease 
because no gripping detecting means need to be added to piston pusher 1 26 
which is a movable mechanism. 

The various gripping detecting means described above may be 
combined together to increase the accuracy with which to detect when piston 
flange 204 is gripped by engaging claws 1 27. For example, pressure changes 
may be detected by load cell 128, and the opening and closing of engaging 
claws 1 27 may be detected by switch devices 502. If the detecting timings of 
load cell 1 28 and switch devices 502 match each other, then it is possible to 
detect when piston flange 204 is gripped by engaging claws 1 27 with increased 
accuracy. 

While preferred embodiments of the present invention have 
been described using specific terms, such description is for illustrative pur- 
poses only, and it is to be understood that changes and variations may be 
made without departing from the spirit or scope of the following claims. 



